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ABSTRACT 
 
Spread of air pollution sources and non-uniform mixing conditions in urban or regional air sheds often result in 
spatial variation of pollutant concentrations over different parts of the air sheds. A comprehensive understanding 
of this variation of concentrations is imperative for informed planning, monitoring and assessment in a range of 
critical areas including assessment of monitoring network efficiency or assessment of population exposure 
variation as a function of the location in the city. The aims of this work were to study the city-wide variability of 
pollutants as measured by "urban background" type monitoring stations and to interpret the results in relation to 
the applicability of the data to population exposure assessments and the network efficiency. A comparison 
between ambient concentrations of NOx, ozone and PM10 was made for three stations in the Brisbane air shed 
network. The best correlated between the three stations were ozone concentrations followed by NOx 
concentration, with the worst correlations observed for PM10. With a few exceptions correlations of all pollutants 
between the stations were statistically significant. Marginally better were the correlations for the lower 
concentrations of pollutants that represent urban background, over the correlations for higher concentrations, 
representing peak values. Implications of these findings on application of the monitoring data to air quality 
management, as well as the need for further investigations has been discussed.  
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INTRODUCTION 
 
Concentration levels of airborne pollutants within air sheds of metropolitan cities depend on many factors of 
which the most important are the strengths and the distribution of local pollution sources, presence of distant 
pollution sources that have impact on the city, and meteorological and topographical conditions of the area.  It is 
expected that due to the spread of the sources and non-uniform mixing conditions there could be spatial variation 
of pollutant concentrations over different parts of the air shed. A comprehensive understanding of this variation 
is imperative for informed planning, monitoring and assessment in a range of critical areas including: 
• Assessment of monitoring network efficiency for the purpose of modelling the air shed, 
• Urban planning and development, 
• Pollution control and management including reporting of pollutant concentrations against ambient air 
quality standards, 
• Assessment of population exposure variation as a function of the location in the city.  
The last point of using the monitoring data from urban monitoring networks for population exposure assessment 
is a particular area of interest. Population exposure assessment is conducted in various ways. While the best 
assessment is through personal exposure monitoring, this may be unfeasible due to financial and other 
constraints, and careful study design is required to facilitate generalisation of the individual results to the target 
population. In many cases, an appealing alternative is to consider ambient concentrations of pollutants as 
indicators of urban background exposure. However, problems arise in epidemiological studies that aim to link 
these indicators with health outcomes, measured for example through hospital or outpatient admission data. The 
patients come from various areas within the city and due to the potential spatial variation of pollution 
concentration could have been exposed to different levels of the background urban concentrations. It is not 
realistic that concentration data for all the relevant areas of the city would be available to link them to the health 
effects of individuals, and even if there were, it would be difficult to associate different patients with different 
concentrations due to their movement between locations during the day.  
The questions are thus the choice of concentration data in larger population exposure or epidemiological studies 
and the validity of using concentration data from one area of the city for the rest of the city. There has been a 
small number of studies that discuss spatial variation of urban background concentration and slightly more 
studies that compare concentration levels between sites located in proximity to identified sources and control 
sites. While variation in concentration between sites exposed to different sources is expected, the question here is 
the variation between the sites that are designed to monitor urban background levels and that are thus set up to be 
influenced as little as possible by any local sources. For example studies conducted by Buzorious et al (1999) 
showed a general high correlation in particle number concentrations measured in several places in the area of 
Helsinki, Finland. The correlations of about 0.8 were in the areas where traffic followed a similar pattern and 
provided the dominant local isotropic aerosol source. The authors pointed out to the need for careful selection of 
the sampling points.  
Another obvious benefit of understanding of the spatial variation of pollution concentration is to use this 
knowledge for the assessment of the efficiency of the urban monitoring network and for modification of the 
network to improve the efficiency. If for example there is a very high correlation between concentration levels of 
pollutants between two network stations, the conclusion could be that it may not be necessary to conduct 
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monitoring in both these places, and instead to identify an area of the city that could be subjected to different 
background concentration levels, or to extend the monitoring to include locations in the immediate vicinity to 
specific sources, where population concentration (or time people spend there) is high. 
Predictive modelling of pollution concentration levels and trends in urban or regional air sheds also requires 
information about spatial distribution of pollutants and their relationship to the meteorological parameters of the 
area. This information is critical for developing and validating the models as well as for data interpretation and 
trend analyses. 
Finally, investigations of spatial variation of pollutant concentrations and correlation analysis can be conducted 
to provide another bonus, namely identification of relatively high and low correlations that impel further 
investigation into possible causes and consequences that may otherwise not have been investigated. 
The aim of this work was to address these questions in relation to the metropolitan city of Brisbane and:  first to 
identify the level of spatial distribution of pollutants between the stations of the urban monitoring network and 
second to interpret the results in relation to the applicability of the data to population exposure assessments and 
the network efficiency. The monitoring network of metropolitan city of Brisbane has been operated by the 
Environmental Protection Agency (EPA), who made the data for analyses available and who helped with the 
interpretation of the results. The pollutant concentrations of NOx, ozone and PM10 were compared between three 
stations of the network. Of importance to stress is that this paper considers only large-scale variation of several 
km and above in pollutant spatial distribution. While knowledge of spatial variation at much smaller scale would 
provide a valuable input into the process of exposure assessment, such information is not available as the 
existing monitoring network was not design for data collection for the purpose of exposure assessment. This is 
very commonly the case in urban air quality monitoring that its prime aim is different then exposure assessment 
and is usually for compliance with the air quality standards or generation of air quality data. Since monitoring is 
expensive and duplication of systems is not cost effective, there are attempts to utilize data form the exiting 
monitoring network for other applications then the ones for which the network was designed. Such data can then 
be used in conjunction with epidemiological data obtained from for example hospital records, which is also of a 
large-scale type, as it does not include information on the specific microenvironments, in which people are 
exposed. 
While the specific results obtained and the conclusions drawn have direct application to the study area of 
Brisbane, the general concept, the approach used and some of the general trends identified have application to 
other urban metropolitan areas.    
 
BRISBANE’S METEOROLOGY AND TOPOGRAPHY   
 
Brisbane, the capital of the state of Queensland, Australia, lies at approximately 27’300S and 1530E near the 
mouth of a major river, the Brisbane River, which drains the coastal plain in the south-east corner of the state. 
The South-east Queensland region where the city is located has a population of approximately 1.3 million with 
an extended residential area and a small industrial base. The populated area extends approximately 40 km along 
the coastline to the north and south of Brisbane, and 35 km to the west to the city of Ipswich. 
The topography of the surrounding area is moderately complex, there being a close mountain range commencing 
with a mountain at 230 m lying 10 km to the west of the city and heading to the north-west, where it rises to 
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about 700 m. A major range with a sharp scarp rising in excess of 700 m defines the western edge of the air shed 
and is distant approximately 35 km from the city centre. Ranges with peaks above 1000 m lie to the south and 
define the southern boundary of the air shed. Figure 1 presents a schematic map of the city indicating its major 
topographical features, point pollution sources and air monitoring stations.  
Wind flows in the region are governed by the synoptic flows, which are most often from the south east, and a 
period of strong westerly flows lasting for one or two months in winter. A north-easterly sea breeze is a daily 
feature throughout the year. An overnight south-westerly drainage flow from the mountain range to the west 
carries air parcels from the plateau region and the western coastal plain towards the city region. An infrequent 
synoptic situation gives gradient winds from the northwest. On these occasions, the combination of the light 
synoptic north westerly flow and the overnight south west drainage flow can delay the onset of the sea breeze 
sufficiently to cause recirculation of the city emissions, leading to photochemical smog events. 
 
POLLUTION SOURCES AND CONCENTRATION LEVELS IN BRISBANE   
 
The main sources of air pollution in Brisbane include motor vehicle traffic, controlled and uncontrolled burning 
in the vicinity of the city, and a limited number of industrial sources including a power station, oil refineries, oil 
terminal and a brewery.  
Traffic activity within southeast Queensland results in approximately 70% of the region’s air pollution 
(excluding emissions from controlled burning), and is the major source of nitrogen oxides (SEQRAQS, 1998). 
Studies of trends in regional population growth and transport usage conducted on behalf of the state government 
have predicted an increase of 100% in motorised travel from 1992 to 2011 in southeast Queensland to around 93 
million vehicle kilometres per day (Queensland Transport, 1997). 
Investigations by Verral and Simpson (1989) into concentration levels of the total suspended particle matter 
(TSP) in Brisbane has revealed that the particulate mass concentrations in busy traffic zones were frequently 
above the National Health and Medical Research Council (NHMRC) recommended guideline at that time of 90 
µg m-3 (annual mean). However, further investigations into PM10 concentrations by Simpson (1994) indicated no 
exceedance of the PM10 guideline value of 50 µg m-3  (PM10 is mass concentration of particles with aerodynamic 
diameter smaller than 10 µm). Best (1996) has reported a trend analysis of PM10 and TSP statistics at several 
road sites in Brisbane since 1992. The results indicate an increase in the annual maximum PM10 levels since 
1992. TSP concentrations, on the other hand, have decreased since 1992. Increases in PM10 levels resulting from 
the contributions of bushfire activity to the air pollution in the region have been observed on occasion at the 
Queensland University of Technology Air Monitoring Research Station (Morawska et al., 2001). This 
contribution while substantial at times has been interpreted as unpredictable, possibly due to differing distances 
of the fire occurrence to the monitoring site. 
Hazard reduction burning is practised in the forest areas and the farming land to the west of the urban areas 
during the lighter wind periods from autumn to spring. On these occasions the City may be blanketed by smoke 
carried on the drainage flows. It has been observed that this is accompanied by an increase in ozone 
concentrations in the City region (SEQRAQS, 1998). 
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The power station, bush fires and motor vehicle emissions, have contributed to the nitrogen oxide levels in 
Brisbane. The major contributor (75%) of nitrogen oxide has been shown to be the motor vehicle fleet 
(SEQRAQS, 1998). 
Since 1995 particle number size distribution and concentration levels have been monitored at QUT (Queensland 
University of Technology) alongside other particle and gaseous pollutants. The details and some of the 
conclusions from this program have been presented elsewhere (Morawska et al 1998) but one finding related to 
the spatial distribution of particulate pollutants was that measurements in other urban areas throughout the city 
have found strong correlations between particle number concentration levels at these sites and QUT in the 
absence of the influences of significant local sources.  
While the SEQRAQS document (SEQRAQS, 1998) and Physick et al. (1993) have shown that there are 
dominant random influences in the ozone data set, it is not unreasonable to expect that motor vehicle emissions 
are a significant source of particles and ozone precursors. It is possible that, in the case of the particle data, there 
is little association between visual range and the concentrations of gaseous pollutants from motor vehicles 
because of high background emissions from stationary sources and random influences from sources such as dust 
or smoke. 
Two investigations have reported on the interpretations of the spatial patterns of aerosol sources within 15km of 
the Brisbane CBD (Chan et al., 1997; Chan et al., 1999), however, neither involves a comprehensive 
investigation of the particulate and gaseous components of the pollutants and of the prevailing atmospheric 
conditions. Both investigations have been based upon the results of the elemental analyses of PM10 samples 
collected at five sites in Brisbane over selected dates during the period of one year. In the first investigation 
(Chan et al., 1997), the chemical composition of the aerosol samples was reconstructed based upon the elemental 
composition and possible sources of the aerosols were identified. The spatial pattern of the chemical composition 
of the samples was concluded to be generally explained by the nature of the sources at the five sites. In the 
second investigation (Chan et al., 1999), the reconstructed chemical composition of the aerosol samples derived 
in the first investigation was employed to estimate light extinction coefficients by using multiple linear 
regression techniques. The spatial trends in visibility degradation between the five sites interpreted from the 
extinction coefficients were correlated on a long-term (e.g., 24 h) basis but not on a short-term basis (e.g., 
hourly).  
There has been a study conducted in relation to more localized spatial variations, namely on pollution 
concentration as a function of a distance from an arterial road (Hitchins at al 1999). The study area in the vicinity 
of the road was flat and without any buildings are other features on the ground. The measurements were 
conducted by the instrumentation located on a van, which served as a mobile monitoring site. The study showed 
that for conditions where the wind is blowing directly from the road towards the mobile monitoring site, the 
concentration of fine and ultrafine particles decays to about half of the maximum (measured at the closest point 
to the road) at a distance of approximately 100 - 150 m from the road, the concentration of larger particles 
decrease to about 60% and PM2.5 levels to about 75% at 150 m from the road (PM2.5 is mass concentration of 
particles with aerodynamic diameter smaller than 2.5 µm).  
 
SOUTH-EAST QUEENSLAND AIR MONITORING NETWORK 
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Since 1978 the Queensland Environmental Protection Agency EPA has been operating an air monitoring 
network in South-East Queensland. The locations of the monitoring stations of the network are presented in 
Figure 1  
Table 1 lists the instrumentation employed in different stations together with the year of installation of particular 
instruments. In 1995, the EPA in collaboration with the Queensland University of Technology (QUT) 
established an Air Monitoring and Research Station on the campus of QUT (CBD in  Fig. 1). This is a 
multiparameter monitoring and research facility that enhances the monitoring of fine particles in Brisbane and 
allows the sampling of air parcels characteristic of the Brisbane Central Business District (CBD). This station 
replaced the Fortitude Valley station that with time became subjected to the influence of local pollution sources.  
In addition to the conventional gaseous, particulate and meteorological monitoring, the QUT station also 
incorporates measurement of size distribution and concentration in submicrometer and supermicrometer size 
ranges (Morawska et al 1998).  
Figure 1 and Table 1 show that there are three multi-parameter monitoring stations that are located in the city 
area, ie., QUT, Rocklea and Eagle Farm. Data from these stations were used in the analyses described below. 
Other stations of the network monitor either a limited number of parameters or are located outside the city area. 
The QUT station is located centrally with Rocklea at a distance of ~9 km and Eagle Farm at a distance of ~13 
km from the QUT station. 
 
STATISTICAL ANALYSES TO CORRELATE MONITORING PARAMETERS 
 
In order to investigate the relationships between the three baseline monitoring sites, a correlation analysis was 
undertaken on the concentration levels of the same pollutant measured at the same point in time at the different 
stations. The data used for analyses comprised of NOx, ozone and PM10 averaged at half-hourly intervals. The 
dataset was constructed as an Excel spreadsheet with each row representing a measurement time and each 
column representing a pollutant concentration.  
The (Pearson) correlation function of the Excel package was used to estimate the degree of linear association 
between the pollutant concentrations contained in the different columns. Values close to zero indicate a weak 
association whereas values close to 1 suggest stronger association. The statistical significance of the association, 
that is whether it can be asserted to be truly different from zero, depends on the size of the estimate and the 
number of observations on which it is based. As in Morawska et al (1998) all the correlation coefficients were 
estimated using at least 100 observations. Based on a t-test with at least these degrees of freedom, any 
correlation coefficient greater than 0.26 can be asserted to be significantly different from zero (and the two 
pollutants thus significantly linearly associated) at a 99% confidence level.  Of course, weaker associations may 
also be significant at this level if they are based on more observations. 
 
RESULTS 
 
In conducting the correlation analyses of the pollutant concentrations between the stations, three cases were 
considered: (1) all data points, (2) lower concentration levels only, and (3) high concentrations. An exploratory 
data analysis was conducted in which liner regressions and log transformations, among others, were evaluated. 
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Through these analyses, it was determined that log transformations were in fact ineffective in normalising the 
data, but that an alternative designation of extreme values as outliers was logical, both in terms of practical 
interpretation (of the data in their original units of measurement and of the rationalisation for culling extreme 
values due to measurement error) and of statistical validity (since trimmed data, obtained by filtering as 
described below), exhibited the highest degree of normality and best reduced the influence of identified outliers). 
Hence this robust analysis was adopted in this work. 
 
A general observation of all the pollutant levels measured over a year showed that 75-95% of the values for the 
different pollutants were less than a certain value, which could be taken as the usual low concentration levels. 
The remaining values were substantially higher and occurred intermittently. The reason for conducting separate 
analyses for the lower and the higher values was to identify whether the extreme values of individual pollutants 
are associated with local sources, or are area specific, or are characteristic of concentrations within the airshed. 
Table 2 presents the threshold values for the pollutants between those classified LOW or HIGH for the purpose 
of this work, together with the relevant values of Australian standards and the World Health Organization 
guidelines. Approximately 90-96% of ozone measurements, 75-94% of NOx measurements and 95-97% of PM10 
measurements fall within the LOW classification of 0.03 ppm, 0.05 ppm and 30 µg m-3, respectively, which were 
chosen for the purpose of this study as threshold values between LOW and HIGH concentrations. Consideration 
was also given to setting threshold values based on the Australian and WHO values but in both of these cases the 
number the sample size in the "HIGH" class was less than 100 and thus not large enough to enable meaningful 
statistical analysis. 
Figure 2 a,b and c present the correlation coefficients for pollutant concentrations between the stations for ALL, 
LOW and HIGH values respectively, and Table 3 presents the sample size for each case, and a t- value arising 
from a test of the hypothesis that the coefficient is equal to zero. A large t-value and consequent small p-value 
indicates that the coefficient is not equal to zero and thus that there is significant linear association between the 
two pollutants. With the exception of the four bold t-values, all p-values were less than 1.0E-5 so they are not 
listed in the table.  
Ozone 
For ALL samples the correlation coefficients were in the range from 0.79-0.89, except for 1995 Rocklea-Eagle 
Farm and 1995 QUT-Eagle Farm of 0.61 and 0.62, respectively. The reason for this discrepancy could be due to 
the significantly smaller sample size compared to the other years. For LOW values the range was from 0.75 to 
0.82, and for HIGH values the range was from 0.47 to 0.78, except for 1995 possibly due to the same reasons 
mentioned earlier. Also for the HIGH values the Rocklea-Eagle Farm of 0.47-0.60 for 1996-1999 being 
somewhat lower than the other values for the same period possibly due to the greater distance between the two 
sites. In general the correlations were very close to 1 for ALL values and remained strong for LOW and HIGH 
values considered separately.  
NOx 
Monitoring of NOx began at Rocklea and QUT only in late 1995. With only a limited number of measurements 
for that year, only the period since 1996 was considered. For ALL samples the correlation coefficients varied 
between 0.61 and 0.77, except for QUT-Eagle Farm 1996 value of 0.36. For the LOW concentrations the 
correlation coefficients were in the range from 0.31 to 0.6 and for the HIGH values the coefficients were in the 
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range from 0.31 to 0.56, except for QUT-Eagle Farm (1996) with the value of 0.17. In general there is no 
significant difference between the correlation coefficients for LOW and HIGH values, with those for LOW values 
only slightly higher than those for HIGH values. 
PM10 
Since the measurements of PM10 at all three stations were conducted only since 1997, the correlations were 
computed for the years after 1997.  It can be seen from Figure 2 that for ALL samples the correlation coefficients 
were in the range from 0.34 to 0.54, for the LOW values the range was from 0.44 to 0.68 and for the HIGH 
values the range was from close to 0 to 0.58. There is no significant difference between the coefficients for ALL 
values and LOW values but the coefficients for the HIGH values are lower. Also, the HIGH values exhibited 
large variation and seem to be more subjected to the local effects. 
There was an attempt to calculate correlation coefficients for HIGH values with a certain time delay factor 
introduced between the data points. This measure was intended to account for possible effects of delays in arrival 
of air masses with high concentrations of pollutants to the individual stations. The coefficients obtained this way 
were low due to the small number of samples in each group and therefore further analyses of this nature were 
abandoned. 
 
DISCUSSION AND CONCLUSIONS 
 
As a general conclusion, the best correlated pollutants are the ozone concentrations in the Brisbane air shed, 
followed by NOx concentration, with the worst correlations displayed for PM10 concentrations. With a few 
exceptions correlations of all pollutants between the stations were statistically significant. Marginally better were 
the correlations for the lower concentrations of pollutants that represent the typical level in the urban air shed, 
over the correlations for higher concentrations, representing peak values in the urban air shed.  
From Figure 2a it is apparent that the concentrations of ozone at the three sites are more highly correlated and 
more similar than those of NOX and PM10. This feature is related to the sources of the three pollutants. The NOX 
and PM10 pollutants are expected to be influenced by localised sources such as the motor vehicle fleet while 
ozone is a regional pollutant with weather conditions the principal influence (SEQRAQS, 1998).  Moreover, the 
correlations have generally increased over time and become more consistent. This could be a feature of 
improvements in data collection techniques that may have occurred as technical operators became more 
experienced with instrumentation. The spikes of correlation are also obvious. 
For the low levels (Figure 2b), compared with all the data the correlations for NOx are noticeably smaller and 
the PM10 correlations noticeably higher.  Whereas the ozone levels are very similar over the three sites, this 
consistency is not seen for NOx. The increase in correlations over time for all pollutants (ie the homogeneity of 
the sites, or the homogeneity of pollutant levels over the city) is also apparent.  
For the high levels of pollutants (Figure 2b), the trend towards more conformity in the sites over time is still 
apparent but it is less striking with some correlations decreasing in the 1999 year. There is also less consistency 
in the correlations between sites, with high correlations in pollutant levels between some sites but not others. 
This could be revealing that whereas the lower levels of pollutants are reasonably consistent over the city, the 
higher levels do differ between the three sources, for all pollutants. Despite significant correlations that indicate 
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that the pollution levels are positively associated at all three sites, there is still variation between the sites that 
might be meaningful in the context of network design and monitoring. 
Ozone  
Ozone is a secondary pollutant, formed in the air sometime after the primary pollutants were introduced to the 
air. After formation, ozone can travel certain distances, following the trajectory of the air mass. Due to the 
transport processes caused by wind action, the location of ozone formation will be different to the location where 
the precursors were introduced into the air. In an urban environment the precursors (NOx and hydrocarbons) are 
generated to a substantial degree by motor vehicles. Thus the dispersion of the sources generating the precursors, 
displacement of the air with the precursors before ozone formation, and finally large distances ozone can travel, 
all contribute to good mixing and good dispersion of ozone in the air shed. Brisbane topography and wind 
patterns enhance the potential for the mixing even more, first by preventing dispersion of the air masses beyond 
the mountain ranges surrounding the city, and secondly by the regular changes in wind direction, in the morning 
towards the land, and in the afternoon back towards the ocean. Thus the air with the ozone precursors generated 
over the city, during the day is shifted towards the land where ozone generates, and in the afternoon travels back 
towards the city with the ozone. 
The conclusion for Brisbane in relation to the assessment of population exposure is, that due to the very high 
correlation of ozone concentrations between the stations, that is explained by the dynamics of ozone generation 
and transport, data from any of the monitoring stations in the city can be used for exposure assessment equally 
well. This conclusion justifies the recommendation for the review of the number and location of the ozone 
monitors in the monitoring network and also supports the steps that have already been taken by the EPA. It may 
be considered as more beneficial to reduce the number of ozone monitors in the city area, and instead placing 
them in the western outskirts of the urban air shed or behind the mountains to provide better understanding of the 
transport of the air mass within the air shed and outside. There are currently six of the nine ozone monitors 
operating outside of the city area and two monitors located in the western outskirts of the air shed. 
Brisbane is not unique in terms of the mechanisms for ozone formation and dispersion and ozone will have a 
potential to be better mixed than other pollutants in the air sheds of other cities. Local topographies of the cities 
may, however, either contribute to this process in a similar manner as in Brisbane, or may enhance the potential 
for removal of ozone from the air shed. The latter would likely be the case if there were no natural features such 
as mountains that create an obstacle for air movement.                   
NOx 
NOx is a primary pollutant, emitted by all the combustion sources, and thus by motor vehicles that are the main 
area emission source in most cities. NOx, as most of the gaseous pollutants can remain in the air for prolonged 
periods of time. Experimental and theoretical studies show that through mixing and dilution, concentration of 
gaseous emissions from motor vehicle on road emissions decreases with the increasing distance from the road . 
The results from Roorda-Knape, et al., (1998), Kuhler, et al., (1994), and Nitta, et al., (1993), show 
concentrations of NO2 declining with distance from the road by an estimated 60% after 250 m, ~50% after 600 
m, and by ~75% after 150 m, respectively. Roorda-Knape suggested an exponential decay curve would fit 
decreasing NO2 concentrations with distance from the road, as this corresponds to general dispersion models.  
In a city setting like Brisbane with a well developed network of roads, NOx concentration displays local peaks 
related to the sources as discussed above (for example vehicle traffic) that are otherwise located on a reasonably 
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uniform background concentration, which was demonstrated in this study by a fair correlation of the 
concentrations levels between the stations. Due to, however, the effect of the local sources that are difficult to 
avoid in an urban environment, the correlation of concentrations between the stations is not as good as for ozone. 
For this reason, it would not be recommended to reduce the number of NOx monitors in the city. Also for the 
same reason, it would be better to use more localized data for NOx concentration for human exposure 
assessment, but when it is not possible, due to the relatively high correlations between the stations, data from one 
station could still be used for exposure assessment. In this case it would be recommended to choose the station 
from which the data will be used for exposure assessment, based on the knowledge of the local demographical 
factors including general information about where the majority of the patients for a particular hospital or 
outpatient clinic come from. 
PM10 
It has been demonstrated through comprehensive studies on particle size distributions, that particles that have the 
main contribution to the volume and thus mass of PM10 (and also PM2.5) in Brisbane belong to the coarse mode 
in particle size distribution, while particles that belong to the nucleation and accumulation modes have very low 
contribution to PM10 volume, usually not higher than a few percent (while somewhat higher, of the order to 10-
15% to PM2.5 fraction) (Morawska and Thomas 2000). Particles that belong to the coarse mode are generated 
mainly by mechanical processes such as grinding, breaking, crushing or re-suspension from the soil or road 
surface. Combustion processes contribute to this size fraction in the case when combustion process is 
incomplete; more complete combustion results in much smaller particles with little mass. The larger particles 
that have larger inertia do not follow the air stream lines as readily as gases and are removed from the air mainly 
through gravitational settling.  Thus road traffic contributes to PM10 fraction through re-suspension of dust from 
the road, generation of tyre wear products and also through some products of incomplete combustion, 
particularly from diesel vehicles operating on high power. These particles are introduced to the air at relatively 
low heights, and have thus a high potential of being removed from the air by deposition before travelling larger 
distances. The conditions when larger amount of coarse fraction would be present in the air would be during 
strong wind re-suspending particles from exposed surfaces.  The studies of Roorda-Knape, et al. (1998) 
presented above, showed that there is no significant decrease in concentrations of PM10 and even PM2.5, as a 
function of a distance from the road. Similar conclusions were drawn from studies conducted by Hitchins, et al 
(2000). Janssen, et al. (1997) compared the mass concentration and elemental composition of particles sampled 
near major roads and at background locations. The authors concluded that PM10 and PM2.5 concentrations were 
on average only 1.3 times higher near the road compared with the background readings, and black smoke 
(elemental carbon) readings were 2.6 times higher. These findings indicate that black smoke is more closely 
related to motor vehicle emissions than PM10 or PM2.5 fractions.  
PM10 particles generated from chimneys that are elevated substantially above the ground would have potential to 
travel larger distances, particularly under favourable wind or air turbulence conditions.  
In summary from this study, PM10 concentrations in the air are much more affected by the local source 
conditions and by meteorological conditions than the gaseous pollutants, which could be removed from the air 
shortly after emissions, and do not normally travel over large distances. As a result, PM10 urban background 
concentration levels tend to be much less uniform than the background of gaseous concentrations, which is 
demonstrated by much worse correlations of PM10 concentrations between the stations than the correlations for 
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the gaseous pollutants. Due to this lack of uniformity in concentrations, reduction of PM10 monitors in the 
Brisbane monitoring network is not a recommended option, on the contrary consideration should be given to 
locating the monitors in any other areas of potentially elevated PM10 levels that are currently not covered by the 
network. 
Applicability of the PM10 monitoring data for exposure assessment is a complex issue. With the low correlation 
levels between the stations the recommendations would be similar to the one for NOx, that is of more localized 
data for PM10 concentrations to be used, based on the knowledge of the local demographical factors. Yet, most of 
the correlations are statistically significant, which means that there is still merit in using the data from one station 
if relating the patients to the different areas they live, and thus different exposure levels proves to be impossible. 
Important to mention is, that most of the epidemiological studies that demonstrated association between PM10 
exposure and health effects were based on data collected from one central location of the urban agglomerations 
(eg Dockery et al., 1993). It could thus be expected that availability of PM10 data more closely reflecting 
personal exposure would improve the associations and thus the understanding of the effect of PM10 exposures on 
health.         
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Figure 1 Schematic map of the city indicating its major topographical features, point pollution sources and air 
monitoring stations.  
 
Figure 2. Correlation coefficients for pollutant concentrations between the stations for ALL (a), LOW (b) and 
HIGH (c) levels. Notation used: QUT-R (QUT-Rocklea), R-E (Rocklea-Eagle Farm) and QUT-E 
(QUT- Eagle Farm)   
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Figure 1 
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Figure 2 (a) 
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Figure 2 (b) 
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Figure 2 (c) 
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Table 1: Capabilities of air monitoring stations in south-east Queensland, where  indicate 
that monitoring has been in progress for more than 7 years, otherwise a year the monitoring 
commenced is provided.  
 Air quality monitoring parameters 
Station O3  smog  CO NOx     SO2   Vis.        
Red. 
   PM10    
Lead 
Deception 
Bay 
        
Zillmere 
  
        
Eagle Farm            1998  
Fortitude 
Valley 
        
QUT* 
(CBD) 
1995  1995   1995   1995   1995   1996  
Wooloonga
bba 
        
Rocklea 
 
          1997  
Darra 
 
        
Mt. Warren 
Park. 
        
North. 
Maclean 
        
Flinders 
View 
        
Mutdapilly 
 
        
*Not all the data is available for the year when monitoring commenced at this site. 
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Table 2 Threshold values for the pollutants for concentrations considered high in this study 
together with the relevant values of Australian standards as well as the World Health 
Organization guidelines. 
Pollutant Threshold value in 
this study 
Australian standard 
(NEPC 1998) 
WHO guideline 
(WHO 2000) 
NOx 0.05 ppm  
(100 µg m-3 ) 
1 hour         
 0.12 ppm 
 
1 year                               
0.03 ppm 
200 µg m-3 
(0.106 ppm) 
PM1 0 30 µg m-3  50 µg m-3  
24 hours 
No threshold value 
 
Ozone 0.03 ppm 
 
1 hour                                
0.10 ppm 
4 hours                                 
0.08 ppm 
 
No threshold value 
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Table 3. The sample size for each investigated case, and a t- value arising from a test 
of the hypothesis that the coefficient is equal to zero.  
 
 QUT-Rocklea QUT- Eagle Farm Rocklea- Eagle Farm 
Pollutant Condition Sample 
size 
t-value* Sample 
size 
t-value* Sample 
size 
t-value* 
ALL 3777 - 1743 7.19 3734 18.51 
<0.05 ppm 3649 - 1741 5.89 2805 7.48 
NOX 1995 
>0.05 ppm 128 - 2  929 4.30 
ALL 8715 109.15 8265 35.07 9374 74.52 
<0.05 ppm 7616 28.45 7465 43.53 8833 51.41 
NOX 1996 
>0.05 ppm 1099 15.77 800 4.87 541 7.57 
ALL 13003 90.10 13002 111.76 13880 109.25 
<0.05 ppm 11982 42.23 11950 64.80 12716 61.65 
NOX 1997 
>0.05 ppm 1021 14.3495 1052 20.25 1174 15.38 
ALL 14358 120.80 14704 146.32 14592 125.31 
<0.05 ppm 13244 47.27 13470 87.03 13714 59.00 
NOX 1998 
>0.05 ppm 1114 19.77 1234 23.72 878 18.01 
ALL 12282 100.04 13666 128.60 14053 122.98 
<0.05 ppm 11532 46.86 12768 78.38 13191 73.68 
NOX 1999 
>0.05 ppm 750 10.89 898 19.20 862 13.96 
ALL 13495 53.75 0  0  
<30 µg m-3 13209 53.18 0  0  
PM10 1997 
>30 µg m-3 286 3.80 0  0  
ALL 5604 28.88 12158 60.32 5493 31.38 
<30 µg m-3 5459 36.19 11699 59.17 5200 36.33 
PM10 1998 
>30 µg m-3 145 1.69 459 6.47 293 0 
ALL 15558 80.02 15022 67.05 14306 43.23 
<30 µg m-3 15224 102.76 14544 111.83 13835 77.45 
PM10 1999 
>30 µg m-3 334 12.97 478 11.30 471 4.88 
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Table 3 contd... The sample size for each investigated case, and a t- value arising from a test 
of the hypothesis that the coefficient is equal to zero. 
 
 QUT-Rocklea QUT- Eagle Farm Rocklea- Eagle Farm 
Pollutant Condition Sample 
size 
t-value* Sample 
size 
t-value* Sample 
size 
t-value* 
ALL 1755 53.94 4861 55.08 4097 49.26 
<0.03 ppm 1611 33.41 4560 38.97 3915 28.11 
Ozone 1995 
>0.03 ppm 144 7.64 301 6.67235 182 3.76 
ALL 12145 215.09 14324 178.08 12495 149.02 
<0.03 ppm 11296 152.25 13542 149.93 11654 122.39 
Ozone 1996 
>0.03 ppm 849 31.08 782 28.15 841 21.72 
ALL 15418 230.03 15332 191.68 15413 200.31 
<0.03 ppm 14335 165.36 14460 154.93 14199 164.57 
Ozone 1997 
>0.03 ppm 1083 35.11 872 22.12 1213 20.63 
ALL 12658 198.50 13146 184.99 14673 173.52 
<0.03 ppm 11815 140.04 12466 143.85 13725 141.37 
Ozone 1998 
>0.03 ppm 843 27.64 680 20.57 948 16.37 
ALL 17581 223.44 18043 216.72 16832 228.91 
<0.03 ppm 15792 161.91 16485 177.33 15712 179.56 
Ozone 1999 
>0.03 ppm 1789 52.69 1558 43.39 1120 23.80 
*The four bolded t-values have p-values greater than 1.0E-5: 3.80, 1.69, 0 and 3.76 have p-
values 7.2E-5, 0.045, 0.5 and 8.4E-5 respectively. All other p-values are less than 1.0E-5. 
 
